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to extend the hydraulic actuator, or to apply a fluid pres-
sure to the second fluid chamber above the fluid pres-
sure in the first fluid chamber when the piston tends to
move in a second direction to compress the hydraulic
actuator; and wherein the control means comprises a
fluid pump (80) and a directional valve (84), the pump
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the directional valve being capable of moving between
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Description
Technical Field

[0001] The present invention relates to a roll control
system for a motor vehicle.

Background of the Invention

[0002] GB-A-2230237 discloses a roll control system
comprising a torsion bar, a first arm fixedly connected
to one end of the torsion bar, and a second arm rotatably
connected to the other end of the torsion bar by way of
a rotary actuator. The rotary actuator is operable to ef-
fectrelative angular movement between the second arm
and the said other end of the torsion bar. This arrange-
ment is such that the actuator has to generate a large
amount of force in order to provide the required roll con-
trol.

[0003] GB-A-2284184 describes a roll control system
in which a hydraulic cylinder is used to prevent or allow
rotation of an arm attached to a torsion bar between the
torsion bar and an axle of a wheel. This arrangement
provides a limited amount of roll control.

[0004] EP-A-0783986 describes an arrangement
which is similar in layout to GB-A-2284184 but in which
the hydraulic actuators are powered to provided active
roll control for the vehicle. EP-A-0512358 describes a
twin-axle roll control system which makes use of an at-
titude sensor for controlling roll.

Summary of the Invention

[0005] The aim of the present invention is to provide
a roll control system which is an improvement to the
above mentioned arrangements.

[0006] A vehicle roll control system in accordance
with the present invention for a vehicle having a pair of
wheels each rotatable on an axle, is characterised by
the features specified in Claim 1.

[0007] The presentinvention provides active roll con-
trol with reduced hydraulic fluid flow and/or improved
ride comfort.

Brief Description of the Drawings

[0008] The present invention will now be described,
by way of example, with reference to the accompanying
drawings, in which:-

Figure 1 is a schematic presentation of a vehicle
incorporating a vehicle roll control system in accord-
ance with the present invention;

Figure 2 is an enlarged view of the front and rear
portions of the vehicle roll control system shown in
Figure 1;

Figure 3 is a side view of the first arm of the vehicle
roll control system shown in Figure 2;
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Figure 4 is a side view of the second arm, hydraulic
actuator (shown in cross-section) and lever arm of
the vehicle roll control system shown in Figure 2;
Figure 5is a schematic diagram of the hydraulic and
electrical control circuit of the vehicle roll control
system shown in Figure 1 when the piston of the
hydraulic actuator is moving in one direction;
Figure 6 is a schematic diagram of the hydraulic and
electrical control circuit of the vehicle roll control
system shown in Figure 1 when the piston of the
hydraulic actuator is moving in the other direction;
Figure 7 is a schematic diagram of an alternative
embodiment of the hydraulic and electrical control
circuit of a vehicle roll control system in accordance
with the present invention;

Figure 8 is a schematic diagram of a further alter-
native embodiment of the hydraulic and electrical
control circuit of a vehicle roll control system in ac-
cordance with the present invention;

Figure 9 is a view of a vehicle roll control system in
accordance with a second embodiment of the
present invention;

Figure 10 is a view of a vehicle roll control system
in accordance with a third embodiment of the
present invention;

Figure 11 is a cross-section view of the hydraulic
actuator of the vehicle roll control system of Figure
10;

Figure 12 is a cross-sectional view of an alternative
embodiment of hydraulic actuator for the vehicle roll
control system of Figure 10; and

Figure 13 is a cross-sectional view of a further al-
ternative embodiment of hydraulic actuator for the
vehicle roll control system of Figure 10.

Description of the Preferred Embodiment

[0009] Referring to Figure 1, a vehicle 10 is shown
schematically and comprises a pair of front wheels 12
each rotatably mounted on an axle 14, a pair of rear
wheels 16 each rotatably mounted on an axle 18, and
a shock absorbing system 20 associated with each
wheel. A portion 22 of a vehicle roll control system in
accordance with the presentinvention is associated with
the front wheels 12, and a portion 24 of the vehicle roll
control system in accordance with the present invention
is associated with the rear wheels 16. The portions 22,
24 are substantially the same but with modifications
made solely to allow fitting to the vehicle 10.

[0010] Referring in more detail to Figures 2 to 6, the
portion 22 of the vehicle roll control system for the front
of the vehicle comprises a torsion bar 26, a first arm 28,
a second arm 30, a lever arm 32, and a hydraulic actu-
ator 34. The torsion bar 26 is mounted on the vehicle by
a pair of resilient mounts 36 in conventional manner to
extend longitudinally between the wheels 12. The first
arm 28 (Figure 3) is fixed at one end 38 by a splined
connection 40 to the torsion bar 26. The other end 42 of
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the first arm 28 is connected to the axle 14 of one of the
front wheels 12 by a tie rod 43. The second arm 30 (Fig-
ure 4) is rotatably mounted at one end 44 on the torsion
bar 26 by way of a bearing 46. The other end 48 of the
second arm 30 is connected to the axle 14 of the other
front wheel 12 by a tie rod 49. The first and second arms
28,30 extend substantially parallel to one another when
the vehicle is stationary, and substantially perpendicular
to the torsion bar 26.

[0011] The lever arm 32 (Figure 4) is fixed at one end
50 to the torsion bar 26 by a splined connection 52 sub-
stantially adjacent the one end 44 of the second arm 30
and the bearing 46. The lever arm 32 extends substan-
tially perpendicular to the torsion bar 26 to a free end
54. The hydraulic actuator 34 (Figure 4) extends be-
tween, and is connected to, the free end 54 of the lever
arm 32 and the other end 48 of the second arm 30. The
hydraulic actuator 34 comprises a housing 56 which de-
fines first and second fluid chambers 58,60 separated
by a piston 62 which makes a sealing sliding fit with the
housing. As shown in Figure 4, the housing 56 is con-
nected to the other end 48 of the second arm 30, and
the piston 62 is connected to the free end 54 of the lever
arm 34 by a piston rod 64 which extends through the
second fluid chamber 60. It will be appreciated that
these connections may be reversed. The fluid chambers
58,60 contain hydraulic fluid and are fluidly connected
to fluid lines 66, 68 respectively. The portion 24 of the
vehicle roll control for the rear of the vehicle is substan-
tially the same, but with the components (which are
primed) having a different layout.

[0012] The hydraulic and electrical control circuit of
the vehicle roll control system is shown in Figures 5 and
6. The hydraulic circuit includes a fluid pump 80, a fluid
reservoir 82, and a directional valve 84. The fluid line
66, and hence the first fluid chamber 58, is connected
to the directional valve 84. The fluid line 68, and hence
the second fluid chamber 60, is connected to the fluid
pump 80. The directional valve 84 is connected to the
fluid pump 80 and to the reservoir 82. The directional
valve 84 is operable between a first position (Figure 5)
in which the fluid pump 80 is connected to the first fluid
chamber 58, and the reservoir 82 is isolated; and a sec-
ond position (Figure 6) in which the first fluid chamber
is connected to the reservoir, and the fluid pump is iso-
lated.

[0013] The electrical control circuit includes an elec-
tronic and/or computerised control module 70. The con-
trol module 70 operates the fluid pump 80 and the di-
rectional valve 84 when required. The control module
70 operates the pump 80 and the valve 84 dependent
on predetermined vehicle conditions which are deter-
mined by signals from one or more sensors, such as a
pressure sensor 76 (which detects the presence of fluid
pressure in the hydraulic circuit), a lateral g sensor 74
(which monitors the sideways acceleration of the vehi-
cle), a steering sensor 72 (which monitors the steering
angle of the front wheels 12), a vehicle speed sensor
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78, and/or any other relevant parameter.

[0014] Ifthe control module 70 detects that roll control
is not required (that is, the vehicle is travelling in a
straight line), the control module switches off the pump
80. Fluid can freely flow within the hydraulic system in-
cluding between the two fluid chambers 58,60, of each
hydraulic actuator 34, 34' allowing free movement of the
piston 62 relative to the housing 56 thereby allowing free
rotation of each second arm 30, 30' relative to its asso-
ciated torsion bar 26, 26'.

[0015] If the control module 70 detects that roll control
is required (due, for example, to cornering of the motor
vehicle 10), the control module determines if the motion
will generate a force F which acts on the piston rod 64
to extend the actuator 34, or to compress the actuator,
in an axial direction. If the former case, the control mod-
ule 70 actuates the pump 80 and sets the directional
valve 84 in the first position as shown in Figure 5, so
that the same fluid pressure is generated in each of the
fluid chambers 58,60. If the latter case, the control mod-
ule 70 actuates the pump 80 and sets the directional
valve 84 in the second position as shown in Figure 6, so
that the fluid in the second fluid chamber 60 is pressu-
rised, but the first fluid chamber 58 is connected to the
reservoir 82. By restricting connection of the first fluid
chamber 58 to the reservoir 82 only during compression
of the actuator 34, the amount of fluid flow within the
hydraulic circuit is reduced during roll control. By suita-
ble dimensions for the actuator 34, the output force from
the actuator can be made substantially the same irre-
spective of the direction of motion of the piston 62.
[0016] An alternative arrangement for the hydraulic
and electrical control circuit is shown in Figure 7. In this
alternative embodiment, the hydraulic circuit includes a
fluid pump 80, a fluid reservoir 82, a single directional
valve 184, and a pressure control valve 188. The direc-
tional valve 184 has a first port 90 fluidly connected to
the output of the pump 80, a second port 92 fluidly con-
nected to input to the reservoir 82, a third port 94 fluidly
connected to the fluid line 66 and the first fluid chamber
58 of each hydraulic actuator 34,34', and a fourth port
96 fluidly connected to the fluid line 68 and the second
fluid chamber 60 of each hydraulic actuator. The direc-
tional valve 184 is solenoid actuated and has a de-en-
ergised state (shown in Figure 7) in which the first and
second ports 90,92 are fluidly connected and the third
and fourth ports 94, 96 are isolated from all the other
ports. The directional valve 184 has a first energised or
actuated state in which the first port 90 is fluidly con-
nected with the third and fourth ports 94,96, and in which
the second port 92 is closed or isolated. The directional
valve 184 has a second energised or actuated state in
which the first port 90 is fluidly connected with the fourth
port 96 and the second port 92 is fluidly connected with
the third port 94. The pressure control valve 188 is fluidly
connected between the output of the pump 80 and the
input of the reservoir 82. In a preferred arrangement, the
pump 80 is driven by the vehicle engine and hence con-
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tinuously actuated, and the pressure control valve 188
is actuated to adjust the fluid pressure in the hydraulic
system between a predetermined minimum pressure
and a predetermined maximum pressure. Alternatively,
the pump 80 may be driven by an electric motor or any
other suitable means, either continuously, or variably (in
which case the pressure control valve may be omitted).
[0017] The electrical control circuit includes an elec-
tronic and/or computerised control module 70. The con-
trol module 70 operates the fluid pump 80, the direction-
al valve 184, and the pressure control valve 188, when
required. The control module 70 actuates the valves
184,188 dependent on predetermined vehicle condi-
tions which are determined by signals from one or more
sensors, such as a pressure sensor 76 (which detects
the presence of fluid pressure in the hydraulic circuit), a
lateral g sensor 74 (which monitors the sideways accel-
eration of the vehicle), a steering sensor 72 (which mon-
itors the steering angle of the front wheels 12), a vehicle
speed sensor 78, and/or any other relevant parameter.
[0018] If the control module 70 detects that roll control
is not required (that is, the vehicle is travelling in a
straight line), the control module actuates the pressure
control valve 188 to provide the predetermined mini-
mum pressure, and de-energises the directional valve
184. Fluid can freely flow within the hydraulic system
between the pump 80 and the reservoir 82. As the di-
rectional valve 184 is closed, the actuators 34,34' are
effectively locked.

[0019] If the control module 70 detects that roll control
is required (due, for example, to cornering of the motor
vehicle 10), the control module determines if the motion
will generate a force F which acts on the piston rod 64
to extend the actuators 34,34', or to compress the actu-
ators, in an axial direction. If the former case, the control
module 70 actuates the pressure control valve 188 to
provide a fluid pressure in the hydraulic system which
correlates with the force F, and sets the directional valve
184 in the first actuated position, so that the same fluid
pressure is generated in each of the fluid chambers
58,60 of each actuator 34,34'. If the latter case, the con-
trol module 70 actuates the pressure control valve 188
to provide a fluid pressure in the hydraulic system which
correlates with the force F, and sets the directional valve
184 in the second actuated position, so that the fluid in
the second fluid chamber 60 of each actuator 34,34" is
pressurised, but the first fluid chamber 58 of each actu-
ator is connected to the reservoir 82. By restricting con-
nection of the first fluid chamber 58 of each actuator
34,34'to the reservoir 82 only during compression of the
actuators, the amount of fluid flow within the hydraulic
circuit is reduced during roll control. By suitable dimen-
sions for the actuators 34,34, the output force from the
actuators can be made substantially the same irrespec-
tive of the direction of motion of the piston 62.

[0020] A further alternative arrangement for the hy-
draulic and electrical control circuit is shown in Figure
8. This further alternative embodiment, is a modification
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of the arrangement shown in Figure 7, for use with a
single hydraulic actuator 34. In this modified arrange-
ment, the single directional valve 184' has a de-actuated
state (as shown in Figure 8) in which the first port 90 is
connected to the third and fourth ports 94,96, and the
second port is isolated, and an actuated state in which
the first port is fluidly connected to the fourth port, and
the second port is fluidly connected to the third port.
When roll control is not required, the directional valve
184' is de-actuated and the pressure control valve 188
is set to the predetermined minimum pressure, and fluid
can freely flow between the fluid chambers 58,60. When
roll control is required which requires the actuator 34 to
extend in an axial direction, the direction valve 184' is
de-actuated and the pressure control valve 188 is set to
provide a fluid pressure in the system and in each fluid
chamber 58,60 which correlates with the required force
F for extension of the actuator. When roll control is re-
quired which requires the actuator 34 to compress in an
axial direction, the direction valve 184' is actuated and
the pressure control valve 188 is set to provide a fluid
pressure in the system and in the second fluid chamber
60 (the first fluid chamber 58 is connected with the res-
ervoir 82) which correlates with the required force F for
compression of the actuator.

[0021] The presentinventionis also applicable for use
with a vehicle roll control system as shown in Figure 9.
In this second embodiment in accordance with the
present invention, the system 122 comprises a torsion
bar 126, a first arm 128, and a hydraulic actuator 134.
The first arm 128 is fixed at one end 138 to one end 140
of the torsion bar 126. The other end 142 of the first arm
128 is connected to one of the shock absorbers 120.
The hydraulic actuator 134 has a piston rod 164 which
is fixed to the other end 186 of the torsion bar 126. The
housing 156 of the actuator 134 is connected to the oth-
er shock absorber 120. The hydraulic actuator 134 is
substantially the same as the actuator 34 described
above with reference to Figure 1 to 6, and has a fluid
line 166 connected to a first fluid chamber inside the
housing, and another fluid line 168 connected to a sec-
ond fluid chamber inside the housing. The first and sec-
ond fluid chambers inside the housing 156 are separat-
ed by a piston secured to the piston rod 164. The fluid
lines 166,168 are connected to a hydraulic circuit as
shown in Figures 5 and 6, which is controlled by a control
circuit as shown in Figures 5 and 6, or either of the ar-
rangements shown in Figure 7 or Figure 8. The roll con-
trol system 122 is operated in substantially the same
manner as that described above with reference to Fig-
ures 1 to 6, Figure 7, or Figure 8.

[0022] The presentinventionis also applicable foruse
with a vehicle roll control system as shown in Figure 10.
In this third embodiment in accordance with the present
invention, the system 222 comprises a torsion bar 226,
a first arm 228, a second arm 228', and a hydraulic ac-
tuator 234. The first arm 228 is fixed at one end 238 to
one end 240 of the torsion bar 226. The other end 242
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of the first arm 228 is connected to one of the shock
absorbers 220. The second arm 228' is fixed at one end
238' to the other end 286 of the torsion bar 226. The
other end 242' of the second arm 228" is connected to
the other shock absorber 220'. The torsion bar 226 is
split into first and second parts 290,292, respectively.
The first and second parts 290,292 of the torsion bar
226 have portions 294,296, respectively, which are ax-
ially aligned. The axially aligned portions 294,296 are
connected by a hydraulic actuator 234.

[0023] The hydraulic actuator 234, as shown in Figure
11, comprises a cylindrical housing 256 which is con-
nected at one end 239 to the portion 294 of the first part
290 of the torsion bar 226. The actuator 234 further com-
prises a rod 241 positioned inside the housing 256, ex-
tending out of the other end 243 of the housing, and con-
nectable to the portion 296 of the second part 292 of the
torsion bar 226. The rod 241 has an external screw
thread 249 adjacent the housing 256. Balls 251 are ro-
tatably positioned in hemispherical indentations 253 in
the inner surface 255 of the housing 256 adjacent the
screw thread 249. The balls 251 extend into the screw
thread 249. The rod 241 is slidably and rotatably mount-
ed in the housing 256 at the other end 243 by way of a
bearing 259 positioned in the other end 243. This ar-
rangement allows the rod 241 to rotate about its longi-
tudinal axis relative to the housing 256, and to slide in
an axial direction A relative to the housing. A piston
chamber 261 is defined inside the housing 256. The rod
241 sealing extends into the piston chamber 261 to de-
fine a piston rod 264, and a piston 262 is secured to the
end of the piston rod inside the piston chamber. The pis-
ton 262 makes a sealing sliding fit with the housing 256
and divides the chamber 261 into a first fluid chamber
258 and a second fluid chamber 260. The first fluid
chamber 258 is fluidly connected to fluid line 266, and
the second fluid chamber 260 is fluidly connected to fluid
line 268.

[0024] The fluid lines 266,268 are connected to a hy-
draulic circuit as shown in Figures 5 and 6, which is con-
trolled by a control circuit as shown in Figures 5 and 6,
or either of the arrangements shown in Figure 7 or Fig-
ure 8. The roll control system 222 is operated in sub-
stantially the same manner as that described above with
reference to Figures 1 to 6, Figure 7, or Figure 8.
[0025] An alternative arrangement for the hydraulic
actuator of Figure 11 is shown in Figure 12. In this alter-
native embodiment, the actuator 334 comprises a cylin-
drical housing 356 which is connected at one end 339
to the portion 294 of the first part 290 of the torsion bar
226. The actuator 334 further comprises a rod 341 po-
sitioned inside the housing 356, extending out of the oth-
er end 343 of the housing, and connectable to the por-
tion 296 of the second part 292 of the torsion bar 226.
The rod 341 has an external screw thread 349 adjacent
the housing 356. Balls 351 are rotatably positioned in
hemispherical indentations 353 in the inner surface 355
of the housing 356 adjacent the screw thread 349. The
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balls 351 extend into the screw thread 349. The rod 341
is slidably and rotatably mounted in the housing 356 at
the other end 343 of the housing by way of a bearing
359 positioned in the other end. The rod 341 makes a
sliding guiding fit with the inner surface 355 of the hous-
ing 356 at its end 341' remote from the second part 292
of the torsion bar 226. This arrangement allows the rod
341 to rotate about its longitudinal axis relative to the
housing 356, and to slide in an axial direction A relative
to the housing. First and second fluid chambers 358,360
are defined inside the housing 356. The rod 341 makes
a sealing fit with the inner surface 355 of the housing
356 by way of seal 371 to define a piston 362. The first
fluid chamber 358 is positioned on one side of the piston
362, and the second fluid chamber 360 is positioned on
the other side of the piston. A seal 369 is positioned ad-
jacent the bearing 359. A portion 364 of the rod 341 de-
fines a piston rod which extends through the second flu-
id chamber 360. The first fluid chamber 358 is fluidly
connected to fluid line 366, and the second fluid cham-
ber 360 is fluidly connected to fluid line 368. The fluid
lines 366,368 are fluidly connected with one of the hy-
draulic circuits shown in Figures 5 to 8 to actuate the
actuator 334.

[0026] A further alternative arrangement of hydraulic
actuator 334' is shown in Figure 13. In this further alter-
native embodiment, the actuator 334' is substantially the
same as the actuator 334 shown in Figure 12, but with-
out the sliding guiding fit of the free end 341’ of the rod
341 with the housing 356.

[0027] In a preferred arrangement, the cross-section-
al area of the first fluid chamber of each hydraulic actu-
ator described above is substantially double the cross-
sectional area of the piston rod of the hydraulic actuator,
when considered on a radial basis. Such an arrange-
ment provides the same output force from the hydraulic
actuator in either direction, using the same fluid pres-
sure and equal amounts of fluid.

[0028] Inthe preferred arrangement described above,
a hydraulic actuator is provided for both the front of the
vehicle and the rear of the vehicle, and these hydraulic
actuators are controlled in unison. It will be appreciated
that the hydraulic actuators may be controlled individu-
ally, and in certain cases the portion of the roll control
system at the rear of the vehicle may be omitted. Also,
the hydraulic actuator for the front of the vehicle may be
a different type to the hydraulic actuator for the rear of
the vehicle.

[0029] In any of the roll control systems described
above, the hydraulic actuator may include a check valve
(not shown, but preferably mounted in the piston) which
allows flow of hydraulic fluid from the first fluid chamber
to the second fluid chamber only when the fluid pressure
in the first fluid chamber is greater than the fluid pressure
in the second fluid chamber. With such an arrangement,
the second fluid chamber can be connected to a reser-
voir during servicing of the actuator to bleed air from the
hydraulic fluid. Also, the presence of the check valve re-
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duces the risk of air being sucked into the second fluid
chamber should the fluid pressure in the second fluid
chamber fall below the fluid pressure in the first fluid
chamber, and provides further improvements in ride
comfort.

Claims

1. A vehicle roll control system for a vehicle having a
pair of wheels each rotatable on an axle, comprising
a torsion bar; a first arm attached to the torsion bar
at one end of the first arm and being connectable
to one of the axles at the other end of the first arm;
a hydraulic actuator attached to the torsion bar; and
control means connected to the hydraulic actuator
and controlling the operation thereof on detection
of a predetermined vehicle condition; wherein the
hydraulic actuator comprises a housing, a piston
making a sealing sliding fit inside the housing to de-
fine a first fluid chamber and a second fluid cham-
ber, and a piston rod connected to the piston and
extending through the second fluid chamber and
out of the housing; wherein the control means acts
on detection of the predetermined vehicle condition
either to apply substantially the same fluid pressure
to the first and second fluid chambers when the pis-
ton tends to move in a first direction to extend the
hydraulic actuator, or to apply a fluid pressure to the
second fluid chamber above the fluid pressure in
the first fluid chamber when the piston tends to
move in a second direction to compress the hydrau-
lic actuator; wherein the first fluid chamber is fluidly
connected to a fluid reservoir by the control means
when the piston tends to move in the second direc-
tion; and wherein the control means comprises a
fluid pump and a directional valve, the pump being
fluidly connected to the second fluid chamber, and
the directional valve being capable of moving be-
tween a first position in which the first fluid chamber
and the second fluid chamber are fluidly connected,
and a second position in which the first fluid cham-
ber is fluidly connected to the fluid reservoir.

2. A vehicle roll control system as claimed in Claim 1,
wherein the control means comprises an electronic
control module which receives signals dependent
on the predetermined vehicle condition, and which
controls the operation of the fluid pump and the di-
rectional valve.

3. A vehicle roll control system as claimed in Claim 1
or Claim 2, wherein the cross-sectional area of the
first fluid chamber is substantially double the cross-
sectional area of the piston rod.

4. A vehicle roll control system as claimed in any one
of Claims 1 to 3, wherein the hydraulic actuator is

10

15

20

25

30

35

40

45

50

55

10.

1.

attached to the torsion bar at one end of the hydrau-
lic actuator and is connectable to the other axle at
the other end of the hydraulic actuator.

A vehicle roll control system as claimed in Claim 4,
further comprising a second arm rotatably mounted
on the torsion bar at one end of the second arm and
being connectable to the other axle at the other end
of the second arm; wherein the hydraulic actuator
controls the rotation of the second arm relative to
the torsion bar.

A vehicle roll control system as claimed in Claim 5,
further comprising a lever arm fixed to the torsion
bar at one end of the lever arm adjacent said one
end of the second arm, and having a free end at the
other end thereof; wherein the hydraulic actuator
extends between the second arm and the lever arm,
the housing being connected to one of the second
arm or the free end of the lever arm, and the piston
rod being connected to the other of the second arm
or the free end of the lever arm.

A vehicle roll control system as claimed in Claim 5,
further comprising a lever arm fixed at one end of
the lever arm to the said other end of the second
arm, and having a free end at the other end thereof;
wherein the hydraulic actuator extends between the
torsion bar and the lever arm, the housing being
connected to one of the torsion bar or the free end
of the lever arm, the piston rod being connected to
the other of the torsion bar or the free end of the
lever arm.

A vehicle roll control system as claimed in any one
of Claims 1 to 3, wherein the hydraulic actuator is
attached directly to the torsion bar at one end of the
hydraulic actuator.

A vehicle roll control system as claimed in any one
of Claims 1 to 3, wherein the hydraulic actuator is
attached to the torsion bar between axially aligned
portions of first and second parts of the torsion bar.

A vehicle roll control system as claimed in Claim 9,
wherein the housing of the hydraulic actuator is con-
nected at one end of the housing to the first part of
the torsion bar; wherein the piston rod is positioned
inside the housing, is rotatable about its longitudinal
axis relative the housing, extends out of the other
end of the housing, and is connected to the second
part of the torsion bar; the hydraulic actuator further
comprising an external screw thread on the piston
rod inside the housing; and at least one ball rotata-
bly mounted on the housing and extending into and
engaging the screw thread on the piston rod.

A vehicle roll control system as claimed in Claim 10,
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wherein the or each ball is rotatably mounted in a
corresponding hemispherical indentation in the
housing.

A vehicle roll control system as claimed in Claim 11,
wherein the piston rod defines the piston which
makes a sealing sliding fit with the housing to define
the first and second fluid chambers inside the hous-

ing.

A vehicle roll control system as claimed in any one
of Claims 1 to 12, wherein the control means further
comprises a pressure control valve fluidly connect-
ed between the pump and the reservoir, the pres-
sure control valve being actuated to adjust the fluid
pressure between a predetermined minimum pres-
sure and a predetermined maximum pressure.

A vehicle roll control system as claimed in any one
of Claims 1 to 13, wherein the hydraulic actuator
includes a check valve which allows fluid to flow
from the first fluid chamber to the second fluid
chamber when the fluid pressure in the first fluid
chamber exceeds the fluid pressure in the second
fluid chamber.

A vehicle roll control system as claimed in Claim 14,
wherein the check valve is mounted in the piston.
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Fig.3.
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